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Abstract 
The aim of the Electricity Balancing Guideline (EBGL) is to integrate balancing markets, 
and as a result, innovative solutions are being developed to realize these goals. These solutions 
are focused on creating a harmonised European balancing market, which will promote the use 
of storage providers, demand response and renewable energy sources (RES), that are 
exponentially entering the energy markets. Procuring balancing energy will move closer to real 
time, as the balancing process evolves from national to cross-border level. This is important 
due to increased amount of variable and uncertain RES, which are expected to cause power 
flow deviations. The balancing markets are becoming integrated through numerous projects 
being part of the ENTSO-E initiative and the Horizon 2020 framework, that aim to develop 
platforms for ancillary services’ standard products. These are defined in EBGL and can be 
exchanged across borders, while focusing on energy efficiency and low carbon technologies. 
Ancillary services complement energy markets and help ensure the balance in the grid, 
along with secure operation and quality of energy supply. They are divided into services that 
take care of frequency deviation processes, like balancing energy (frequency ancillary services), 
and services for voltage control, like reactive power and voltage support, as well as black start 
capability and ramping products (non-frequency ancillary services). The Transmission System 
Operators (TSOs) are procuring balancing energy on the markets with the goal of settling 
deviations from the nominal frequency in their regulation zones, while other ancillary services 
are less suitable for open market-based provision.  
The thesis aims to present innovative solutions for creating a harmonised European 
balancing market with lower balancing costs, through a made-up scenario of the South-east 
Europe (SEE) region integration. The scenario will demonstrate the cross-border balancing 
possibilities for the activation of the optimal bids to satisfy TSOs’ demands in the observed 
area. To achieve the goal of the thesis, an emphasis is put on frequency ancillary service’s 
standard product called Manual Frequency Restoration Reserve (mFRR) and the development 
of the mFRR platform within Horizon2020 project CROSSBOW. The solution presented in 
CROSSBOW project is a common system market platform for mFRR, which could act as a 
common European balancing market. Such a market could lower the balancing costs in the 
observed region by using cross-border balancing energy, hence increasing social welfare within 
the region. The benefits of mFRR platform are of great importance to the South-East European 
countries, including Slovenia. Activation of cross-border balancing energy with the help of 
Activation Optimization Function and Common Merit Order List and improved allocation of 
real-time Cross-Zonal Capacities ease the future process of harmonizing regulatory frameworks 
and legislation.  
 
Keywords: Balancing Energy Market, ancillary services, EBGL, frequency restoration, manual 
Frequency Restoration Reserve. 
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Povzetek 
 
V idealnem elektroenergetskem sistemu bi bili proizvodnja in poraba električne energije 
v vsakem trenutku v ravnovesju. V realnem sistemu pa temu ni tako, saj je napovedovanje 
proizvodnje in porabe odvisno od različnih dejavnikov, ki jih je nemogoče natančno napovedati. 
Odstopanja, ki se dogajajo vsakodnevno, vplivajo na električno omrežje. Delovanje sistemskih 
storitev zagotavlja ravnotežje, zanesljivo delovanje in kakovost oskrbe. Razdeljene so na 
storitve, ki skrbijo za odstopanje frekvence in storitve za regulacijo napetosti. Frekvenčne 
storitve lahko naprej razdelimo na storitve vzdrževanja frekvence (primarna regulacija 
frekvence), avtomatski proces povrnitve frekvence (sekundarna regulacija frekvence) in ročni 
proces povrnitve frekvence (terciarna regulacija frekvence). 
Cilj smernic za izravnavo električne energije (EBGL) je povezovanje izravnalnih trgov z 
električno energijo, ki bo mogoče z uvedbo inovativnih rešitev, ki bodo koristile vsem 
udeležencem na trgu. Te rešitve so osredotočene na oblikovanje usklajenega evropskega 
izravnalnega trga, ki bo spodbujal izkoriščanje hranilnikov energije, enot s prilagodljivo porabo 
in obnovljivih virov energije (OVE), ki eksponentno vstopajo na energetski trg. Zagotavljanje 
energije za izravnavo se bo bližalo realnemu času, saj se izravnalni procesi ne bodo izvajali le 
na nacionalni ravni, ampak tudi na meddržavni ravni.  
Čezmejno povezovanje izravnalnih trgov je predmet številnih projektov, ki spadajo pod 
ENTSO-E in Obzorje 2020. Namen projektov ENTSO-E in Obzorje 2020 je razviti platforme 
za produkte sistemskih storitev, opredeljene v EBGL, ki jih je mogoče izmenjevati med 
državami s poudarkom na energetski učinkovitosti in nizkoogljičnih tehnologijah. 
Projekte ENTSO-E lahko razdelimo glede na njihove glavne cilje. To so platforma EU za 
izvedbo postopka netiranja odstopanj (projekt IGCC), platforma EU aFRR (projekt PICASSO), 
platforma EU mFRR (projekt MARI), platforma EU RR (projekt TERRE) in sodelovanje FCR 
(projekt FCR). Vsak projekt obravnava določen standardni produkt s ciljem izboljšanja storitev. 
Projekte programa Obzorje 2020 družijo tudi cilji, kot so predstavitev tehnologij, ki 
regionalnemu prenosnemu omrežju ponujajo večjo fleksibilnost in robustnost (CROSSBOW), 
izboljšano usklajevanje OPS-ODS in izboljšanje pomožnih storitev (SmartNet), razvoj 
prilagodljivosti medsebojnih povezav OPS-ODS za visoko integracijo obnovljivih virov 
energije (OSMOSE), usklajevanje med sistemskimi operaterji prenosnih sistemov in 
upravljavci prenosnih omrežij in olajšanje porazdeljene integracije obnovljivih virov energije 
(INTERRFACE) ter regionalna platforma za sistemske storitve, ki olajšajo postopek za 
napredne potrošnike (FutureFlow). 
CROSSBOW (Čezmejno upravljanje energije iz spremenljivih proizvodnih in 
shranjevalnih enot, ki omogoča trgovanje na veleprodajnem trgu) je projekt programa Obzorje 
2020 projekt, ki ga vodi skupina ETRA in je osredotočen na zagotavljanje rešitev za 8 
sistemskih operaterjev prenosnih omrežij v jugo vzhodni Evropi. Glavni cilj projekta je večja 
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delitev virov prek meja, pridobljenih iz različnih OVE in hranilnikov energije, hkrati pa 
spodbujanje njihovih ekonomskih koristi. Cilj projekta je razviti tehnologije, ki bodo olajšale 
postopek izmenjave električne energije in nadzor nad njo, upravljale nove rešitve za 
shranjevanje, razvijale nadnacionalni veleprodajni trg, ki temelji na OVE, hkrati pa izboljševale 
strategijo povpraševanja in odziva, opaznost omrežja in prilagodljivost proizvodnje električne 
energije. 
Cilj magistrske naloge je predstaviti inovativno rešitev za oblikovanje usklajenega 
evropskega izravnalnega trga z nižjimi izravnalnimi stroški s pomočjo platforme CROSSBOW 
mFRR na primeru sestavljenega scenarija povezovanja držav Jugovzhodne Evrope. Izbrani  
scenarij bo prikazal čezmejne možnosti izravnave za aktiviranje ponudb, ki zadovoljijo zahteve 
OPS na opazovanem območju in zagotavljajo večajo družbeno dobrobit. Poudarek je na 
standardnem produktu za izravnavo frekvence, imenovanem ročni proces izravnave frekvence 
(ang. Manual Frequency Restoration Reserve, mFRR), in razvoju mFRR platforme v okviru 
projekta CROSSBOW. Rešitev, ki je predstavljena v projektu CROSSBOW je skupna 
sistemska tržna platforma za mFRR, ki bi lahko delovala kot skupni evropski izravnalni trg. Z 
uporabo čezmejne izravnalne energije bi se lahko znižali izravnalni stroški v opazovani regiji 
in s tem povečalo družbeno dobrobit (ang. social welfare). Prednosti platforme mFRR so zelo 
pomembne za države jugovzhodne Evrope, vključno s Slovenijo. Aktiviranje čezmejne 
izravnalne energije s pomočjo funkcije za optimizacijo aktivacije (ang. Activation Optimisation 
Function, AOF) in izmenjava izravnalne energije s pomočjo skupnega urejenega seznama 
ponudb (ang. Common Merit Order List, CMOL) ter boljše razporejanje čezmejnih prenosnih 
zmogljivosti v realnem času olajšajo prihodnji postopek usklajevanja regulativnih okvirov in 
zakonodaje. 
Scenarij, predstavljen v magistrskem delu, temelji na uporabi platforme mFRR, ki se 
razvija v okviru projekta CROSSBOW. Ker je platforma še v razvoju, so vsi podatki, 
uporabljeni v scenariju, in rezultati izmišljeni. Ta vrsta analize je bila narejena za prikaz koristi, 
ki jih lahko nudi platforma mFRR. Scenarij je prikazan na primeru 8 držav v regiji Jugovzhodne 
Evrope, to so Slovenija, Hrvaška, Bosna in Hercegovina, Črna gora, Srbija, Romunija, 
Bolgarija in Severna Makedonija. Za to skupino držav je značilno, da vsaka neposredno meji 
na Srbijo, razen Slovenije. 
Med dvema ponudbenima območjema (ang. bidding zones) se količina, ki se lahko 
uporabi za čezmejni prenos imenuje čezmejna prenosna zmogljivost (ang. Cross-Zonal 
Capacity, ČPZ). Da bi zagotovili zanesljivo delovanje omrežja, mora biti vrednost ČPZ znotraj 
predpisanih meja. Po izbiri najboljših ponudb PSI, ki ustrezajo zahtevam OPS in ponovnem 
izračunu ČPZ, je mogoče izračunati stroške zahtev in aktivacij navzgor in navzdol ter na koncu 
izravnavo OPS-OPS. Vsota vseh neto stroškov OPS-OPS daje končni rezultat, kar je najemnina 
za zastoje, ki se razdeli med OPS-je. Ta znesek se pojavi zaradi zastojev in ostane v proračunu 
platforme. Uporablja se lahko za procese, kot so vzdrževalna dela sistemskih operaterjev 
prenosnih omrežij itd. Platforma mFRR bi lahko zmanjšala stroške izravnave sistema v regiji 
zaradi aktivacije čezmejne izravnalne energije ter povečala družbeno dobrobit. Platforma bo 
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temeljila na blockchain tehnologiji, ki bo omogočila decentralizacijo inovativne večnamenske 
platforme. Tako bo platforma ponujala transakcije na pregleden in varen način. 
 
Ključne besede: izravnalni trg z električno energijo, sistemske storitve, EBGL, uravnavanje 
frekvence, ročni proces povrnitve frekvence (terciarna regulacija frekvence). 
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1. Introduction 
1.1. Overview of the topic 
In the ideal power system, generation and consumption of electrical energy would be in 
balance at every moment. This is usually not the case since forecasting of generation and 
consumption depends on various factors and it is impossible to forecast them with high 
accuracy. These deviations that are happening on a daily basis, affect the power grid. Ancillary 
services are needed to ensure balance in the grid, safe operation and quality of supply. Ancillary 
services are divided into frequency ancillary services, taking care of the balancing of the system, 
and non-frequency ancillary services, taking care of the voltage control, and black start 
capability, among others. 
Main elements of ancillary services are active and reactive power reserve. Active power 
reserve may be activated manually or automatically and can rapidly reach physical balance 
between generation and consumption. Formerly, activation of balancing energy to settle 
imbalances took place on a national level. However, the introduction of new projects and ideas, 
an increased number of renewable energy sources, and unifying energy markets have given 
many new challenges and opportunities to this field. In the recent past, numerous projects have 
been introduced that concern harmonization of balancing markets, the introduction of an 
increasing number of renewable energy sources, and the safe operation of transmission systems. 
These projects aim at accomplishing and implementing principles of the EU Market Codes, 
especially Electricity Balancing Guideline. Goals have been set with accurate deadlines, when 
EU shall be enriched with platforms that will improve techno-economic efficiency. Unification 
of South-East Europe (SEE) countries will bring benefits of exchanging services within newly 
developed manual frequency restoration reserve (mFRR) platform. The project concerning this 
issue is CROSSBOW. By activating balancing energy, applying activation optimization 
function (AOF) and common merit order list (CMOL) functions, defining cross-zonal capacity 
(CZC), the social welfare increases and benefits every participant. As the market expands, 
countries will partially rely on their own resources, however the new opportunities of sharing 
them with other countries will be introduced. Projects and their significance have been 
explained and summarized in this work, concluding with the impact of mFRR platform and 
harmonized balancing energy markets on South-East European countries and Slovenia within 
the CROSSBOW project. 
1.2. Motivation and scope of the master thesis 
Countries around the world have followed the path of electricity market liberalization 
hoping for it to bring new opportunities and unbundle the power sector monopoly. The main 
idea behind this term is separating generation and distribution companies, to reach technical 
improvements, develop efficiency gains, and stimulate efficient investments. Liberalization is 
promoting a positive effect on the economy, by decreasing electricity prices and optimally 
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exploiting power assets. It has managed to decrease overcapacity issues, that have been 
happening in the past, along with improving efficiency in generation, transmission, and 
distribution sectors [1]. 
Liberalization has enforced the creation of organized wholesale energy markets, power 
pools, and power exchanges. Balancing energy markets are the next step in energy market 
processes that concerns the balancing of generation and consumption in transmission systems. 
To achieve this goal, frequency ancillary services are stepping in. They are divided into 
frequency containment reserve (FCR), imbalance netting (IN), automatic frequency restoration 
reserve (aFRR), manual frequency restoration reserve (mFRR), and replacement reserve (RR). 
Frequency ancillary services have been an interest of a large number of projects in Europe in 
recent years, including ENTSO-E projects and Horizon 2020 projects. Transnational annual 
frequency restoration reserve platform is one of the issues addressed in the project 
CROSSBOW, which is a part of Horizon 2020 projects dealing with transnational integration 
between system operators in South-East Europe. Currently, Slovenian transmission system 
operator (TSO) is not part of this project, but participation in such integration is inevitable in 
the near future. This master thesis will demonstrate the analysis of the transnational integration 
between SEE TSOs, with an emphasis on the mFRR platform being developed within 
CROSSBOW project. The example will show impact of cross-border balancing on mFRR 
platform on 8 countries in SEE region. The solution will be demonstrated through social 
welfare.  
In the second chapter of this thesis, EU framework and regulation have been introduced, 
explaining Electricity Balancing Guideline (EBGL) and The Electricity Transmission System 
Operation Guideline (SOGL). The third chapter presents an introduction to ancillary services. 
In the fourth chapter, current European projects about electricity balancing in the EU and 
Slovenia are addressed. The fifth chapter is dedicated to the CROSSBOW project focusing on 
its mFRR platform. In the sixth chapter the scenario with the example of Slovenia being a 
participant in the trans-European electricity balancing project is described. Finally, in the 
seventh chapter conclusion and future work are addressed. 
 
 
 
 
 
 3 
 
2. EU Framework and regulation 
Clean Energy Package (CEP) is a comprehensive EU legislation package that was 
published by the European Commission (EC) in May 2019 [2], proposing the recast of 
Regulation (EC) 714/2009. A detailed set of rules was described in the Regulation (EC) 
714/2009 [3], where areas and processes for developing them are listed. These set of rules are 
propelling nationally oriented electricity markets and regulations towards the harmonization. 
The main targets of the CEP are entitling the customers in becoming an active participant in the 
process of the energy transition, to increase energy efficiency, meet CO2 emissions goals by 
2030 and integrate renewable energy sources (RES) into the system. To meet these objectives, 
it is important to coalesce the European balancing market, including cross-border connections.  
In parallel with the CEP, eight network codes and guidelines were delivered. They are 
divided into three groups, based on the types, which are represented in Table 1. 
 
Table 1: EU Network Codes 
Group of codes Codes and guidelines  
The Market Codes The Capacity Allocation and Congestion 
Management Guideline (CACM) 
The Forward Capacity Allocation 
Guidelines (FCA) 
The Electricity Balancing Guideline 
(EBGL) 
The Connection Codes (CNCs) The Network Code on Requirements for 
Grid Connection of Generators (RfG NC) 
The Demand Connection Network Code 
(DCC) 
The Requirements for Grid Connection of 
High Voltage Direct Current Systems and 
Direct Current-Connected Power Park 
Modules Network Code (HVDC NC) 
The Operation Codes The Electricity Transmission System 
Operation Guideline (SOGL) 
The Electricity Emergency and 
Restoration Network Code (ER NC) 
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There is a distinct difference between codes and guidelines. Both groups carry the same 
legal weight, are directly applicable, and subject to the same adoption procedure. They do differ 
in the terms of legal basis, amendment process, the suitability of topics, and work to be done in 
the implementation phase. However, the significant difference is that the guidelines are 
included in processes where the national TSO or even TSOs at the higher level (pan-European 
or regional) develop a methodology. This methodology must be accepted and approved by the 
relevant superior authorities. This is not the case for the codes, whose processes can be 
deployed locally or regionally without the need to develop methodologies. Generally, 
guidelines are more focused on shifting the task to the implementation phase, while network 
codes are more detailed [4].  
The integration of the markets is increasing the level of competition in the generation of 
electricity, as well as making better use of the resource diversity in national and cross-border 
markets. The focus for this master thesis are the balancing markets and their integration, 
therefore the market codes are the most relevant, especially EBGL. The system operation and 
the markets cannot be decoupled, hence SOGL guideline is of crucial importance as well. 
Due to these characteristics, it is understandable why there are many electricity markets. 
These characteristics create the price of the energy and the cross-zonal capacity, which are 
exchanged in several markets until the real-time delivery. 
In Error! Reference source not found. it is possible to observe the sequence of the 
electricity markets, from forward energy markets to the real-time balancing market. This figure 
illustrates trading through organized electricity markets, called exchanges. It can be also traded 
bilaterally over-the-counter (OTC), where market participants directly interact with each other 
and agree on a trade contract. In this work, only power exchanges, where products are tradeable 
and the prices are transparent, are observed.  
 
Figure 1: EU electricity markets, related network codes and guidelines [4] 
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Any action on the forward market may start many years ahead, concerning physical or 
financial delivery and may continue until one day before the delivery. When the delivery date 
approaches, the electricity is traded in short-term markets. Short-term markets are [4]: 
- Day-Ahead Market 
o An auction that is held one trading day before the electricity is delivered. 
- Intraday Markets 
o Organized as continuous markets, with possible complementing auctions. 
o Trading on this market is possible until the intraday gate closure time 
(GCT). 
- Real-Time Balancing Market 
o Balancing market for capacity 
▪ Takes place from one year up to one day before the delivery, where 
demand or generators are under contract to be available for the 
delivery of balancing energy in real-time. 
o Balancing market for energy 
▪ Bids and offers are submitted before the balancing energy gate 
closure. 
▪ Demand and generators state the price they would want to have to 
decrease or increase their energy withdrawal or injection in real-
time. 
The balancing mechanism is in the focus of the EBGL, as well as SOGL, where various 
types, sizes, roles, and responsibilities of reserve are described to ensure real-time balance. 
2.1.  Electricity Balancing Guideline (EBGL) 
EBGL has been published in November 2017 and has entered into force in December 
2017. Still, some of the more detailed methodologies are expected to be implemented in (the 
span of) six years from the date of entering into force. EBGL sets the rules concerning the 
integration of national balancing markets into a trans-national platform in the EU, to strengthen 
the security of supply, while reducing costs and increasing social welfare in the area. This 
means that countries that are part of the platform would be able to share services and resources 
used by their TSOs so that the scheduled exchanges and system frequencies are kept within 
nominal values. Furthermore, it will be allowed for new players (e.g. RES, energy storage, 
demand response units) to enter the common market [5]. 
EBGL affects Balancing Service Providers (BSPs), Balance Responsible Parties (BRPs), 
and TSOs the most. BSPs will have an opportunity to participate in a trans-national balancing 
market, while imbalance arrangements between TSOs and BRPs will be impacted by the 
requirements to harmonise certain aspects of the imbalance settlement process, especially the 
requirement to apply imbalance adjustment for each activated balancing energy bid. 
The integration of balancing markets in Europe is aimed at facilitating the exchange of 
balancing resources between TSOs and harmonisation of electricity balancing rules. Since 
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countries across Europe have different starting points regarding their historical and current 
national balancing markets, the process of integration could bring changes to them. However, 
these changes are in many cases in accordance with the idea of increasing the participation of 
demand and renewable energy in providing balancing services, improving price signals, and 
creating balance [6]. 
EBGL is part of the group of codes describing the market rules that are delivered by CEP 
called The Market Codes. This group also includes The Capacity Allocation and Congestion 
Management Guideline (CACM) and The Forward Capacity Allocation Guideline (FCA).  
EBGL has defined standard products that may be exchanged on cross-border platforms, 
which are [5]: 
- Automatic Frequency Restoration Reserve (aFRR), 
- Manual Frequency Restoration Reserve (mFRR), 
- Replacement Reserve (RR). 
2.2.  The Electricity Transmission System Operation Guideline (SOGL) 
SOGL has been published in August 2017 and has entered into force in September 2017. 
It lays down harmonised rules concerning the security of supply that is managed by TSOs due 
to increased RES penetration. SOGL is addressing numerous challenging tasks, among which 
are cross-border competition and an increasing number of interconnections [5]. 
Most of the SOGL is prepared through the deployment of services, which include advance 
scenarios for assessing the performance of an interconnected transmission system. 
SOGL aims at, [7]: 
- determining common operational security requirements and principles 
- determining common interconnected system operational planning principles 
- determining common load-frequency control processes and control structures 
- ensuring the conditions for maintaining operational security throughout the Union 
- ensuring the conditions for maintaining a frequency quality level of all 
synchronous areas throughout the Union 
- promoting the coordination of system operation and operational planning 
- ensuring and enhancing the transparency and reliability of the information on 
transmission system operation 
- contributing to the efficient operation and development of the electricity 
transmission system and electricity sector in the Union. 
SOGL states that every TSO should monitor the dynamic stability of the transmission 
system. This indicates that each TSO will perform a dynamic stability evaluation minimum 
once per year to identify the limits and potential problems concerning stability in its 
transmission system. TSOs of every synchronous area should coordinate the dynamic stability 
evaluations, which will partially or totally cover the synchronous area. 
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SOGL belongs to the group of codes called The Operation Codes, together with The 
Electricity Emergency and Restoration Network Code (ER NC). 
ENTSO-E has set up a dynamic model capable of reproducing the same results with the 
wide variety of dynamic simulation tools available and used in the different TSOs of 
Continental Europe. Additionally, a group was created to monitor and estimate oscillations 
between areas in the synchronous area of continental Europe. The analysis shows that all 
oscillations are properly damped by the affected TSOs. This group will be in charge of 
conducting a coordinated dynamic analysis for the Continental Europe regional group in case a 
stability problem is identified [5]. 
In the Nordic synchronous range, the assessment of dynamic stability is calculated using 
a built-in application in SCADA TSO systems, with the goal of continuous stability monitoring.  
Mentioned region’s largest geographical area is Internal Energy Market (IEM) in the EU 
and the smallest building block is a Scheduling Area. In Figure 2 it is possible to see this and 
the difference between terminologies FCA/CACM (markets), EBGL (balancing), and SOGL 
(system operation). 
The IEM is divided into different synchronous areas, as shown in Figure 3. Load-
Frequency Control (LFC) Block is important to mention as it is the geographical area over 
which reserve (besides the fastest types) should be dimensioned by the SOGL, [4], [8]. 
 
Figure 2: Different terminologies to denote geographical areas [4] 
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Figure 3: Different synchronous areas in Europe (ENTSO-E, 2017l) [4] 
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3. Ancillary Services 
Ancillary services are essential services for the transmission system operation since they 
help ensure the balance in the grid, along with secure operation and quality of supply. They are 
divided into [9]: 
- Frequency (balancing) ancillary services, 
- Non-frequency ancillary services.  
Frequency ancillary services are taking care of the balancing of the system, while non-
frequency ancillary services are taking care of the voltage control, and black start capability. 
Active and reactive power reserve are used for the balancing of the system and voltage control. With 
active power reserve it is possible to quickly reach physical balance between generation and 
consumption. They are activated automatically or manually [10].  
TSOs are continuously trying to preserve the maintenance of system frequency within a 
specifically defined stability range. These processes and actions, together with preserving the 
compliance with the number of reserve necessary concerning the required quality, represent the 
term balancing. Balancing energy markets are defined as an ensemble of operational, 
institutional, and commercial arrangements enabling a market-based balancing of the system 
[11]. 
Balancing market is constructed of three vital phases: balance planning, balancing service 
provision and balance settlement. It also affects three main players of the energy market, which 
are the transmission system operator, balancing service provider, and balancing responsible 
party. BSPs are members of the energy market providing balancing services while BRPs are 
market participants who are responsible for minimizing the imbalances of their balancing 
groups. TSO is ultimately responsible for balancing the system [12]. 
Order of balance planning suggests that BRPs propose an energy schedule to the TSO one 
day before the delivery takes place. The energy schedule states total planned generation and 
consumption for each scheduled time unit (STU) throughout the delivery day. In the next phase 
(balancing service provision), balancing service bids are submitted to the TSO by the BSPs. The 
TSO procures the bids, which are ordered by merit order to ensure the balance of the system. 
Finally, in the third (balance settlement) phase, scheduled deviations (imbalances) of BRPs and 
activated balancing energy are settled on the STU basis. Imbalance pricing then occurs, which is 
determined depending on the pricing system (single-price or dual-price). 
Balancing services are divided into two main types, which are balancing energy and 
balancing capacity. The difference between them is that balancing energy is the real-time 
regulation of balancing resources, while the balancing capacity is a contracted arrangement to 
dispatch balancing energy concerning the contract period [12]. 
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The structure of the balancing market is illustrated in Figure 4. 
3.1. Frequency ancillary services 
During the power system operation, it is impossible to avoid real power imbalances and 
therefore frequency deviations, because of two crucial reasons: 
• Controllability and predictability of the electricity demand are limited. Power 
plants are relying on forecasts which are prone to errors, which is why deviations 
between consumption and generation exist. 
• Controllability of power plants is also physically limited, especially for plants that 
rely on fluctuating RES to generate electricity. Additionally, the subject of 
disturbances is also operational equipment.  
System frequency quality is measured based on the duration and the size of frequency 
deviations concerning the nominal frequency, which has a value of 50 Hz in EU countries. The 
quality of system frequency is of great importance, as well as its monitoring and maintenance. 
This is mostly due to its effect on generators since they are designed to operate in a certain 
frequency range. If the frequency level fell outside of that frequency range, automatic protection 
mechanisms would disconnect the generators in the whole synchronous area, which could be 
followed by a blackout. 
Frequency ancillary services are mainly used for balancing processes of the system. TSOs in 
Europe use various processes and products to balance the system and restore the frequency. 
However, balancing energy in Europe is organized in the next steps (Figure 5) [12]: 
• Frequency containment reserve (FCR): Automatic activation, max 30s, 
• Imbalance netting (IN), 
Figure 4: Division of the electricity market 
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o Process agreed between TSOs avoiding simultaneous activation of FRR in 
the opposite directions conceived by ENTSO-E in 2017 [13] 
• Frequency restoration reserve (FRR),  
o automatic (aFRR): Automatic activation, 30s to 15 min, 
o manual (mFRR): Semi-automatic or manual activation, max 15 min, 
• Replacement reserve (RR): Semi-automatic or manual activation, min 15 min. 
Balancing processes are defined in the Table 2. 
 
 
 
 
 
 
Figure 5: Processes of balancing market for frequency restoration 
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Table 2: Purpose and definition of balancing processes [12] 
Terminology 1 
(former ENTSO-E 
terminology) 
Terminology 2 
(latter ENTSO-E terminology) 
Details 
Primary reserve FCR 
Frequency 
Containment Reserve 
Continuous local 
automatic 
activation of 
spinning reserve. 
Secondary reserve 
FRR 
aFRR (Frequency 
Restoration Reserve 
– automatic) 
Continuous 
centralized 
automatic 
activation of 
spinning reserve to 
restore FCR. 
Secondary reserve 
mFRR (Frequency 
Restoration Reserve 
– manual) 
Manual centralized 
activation of 
spinning reserve to 
restore FCR. 
Tertiary reserve 
mFRR (Frequency 
Restoration Reserve 
– manual) 
Manual centralized 
activation of non-
spinning reserve to 
restore FCR, 
aFRR, and mFRR. 
Tertiary reserve RR Replacement Reserve 
Reserve of active 
power available to 
support or restore 
needed level of 
FRR to be 
available for other 
possible system 
imbalances. 
IN Imbalance Netting 
Process conceived 
by the TSOs to 
avoid concurrent 
activation of aFRR 
in opposite 
directions. 
 
 
 13 
 
3.1.1.Frequency Containment Reserve (FCR) 
Frequency deviation occurs due to the imbalance between demand and generation in a 
synchronously connected grid. While the power imbalance exists, the frequency deviation 
continuously increases. The system frequency would reach a critical value and the cascading 
blackouts of the synchronously connected grid could happen if preventive measures would not 
take place. After the occurrence of the imbalance, FCR activates active power reserve that is 
available to limit the frequency of the system [7]. 
FCR might be activated in different ways, depending on the optimal practices for a 
specific synchronous area. However, it is generally considered that the overall FCR activation 
is characterized by a monotonically decreasing function of the frequency deviation and the total 
FCR capacity shall be activated at the maximum steady-state frequency deviation (Figure 6). 
There are different types of FCR providers and different synchronous areas for which the 
NC provides a European harmonization of FCR design while allowing the necessary 
flexibility. Some countries, like Northern Ireland [14], have two FCR responses, that are 
triggered for diverse reasons and stay active for different periods. First FCR is for 
disturbances that are happening outside the standard frequency range and the activation 
is carried out in 30 seconds. The second one is for imbalance inside the standard 
frequency range and the full activation is defined at 120 to 180 seconds. Great Britain and 
Ireland have various types of FCR activation in different system frequency ranges [14]. 
Figure 6: Frequency Containment Reserve activation [14] 
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3.1.2.Frequency Restoration Reserve (FRR) 
Frequency restoration reserve or FRR is active power reserve used to restore power 
balance in the synchronous area consisting of more LFC areas. FRR are also used to restore 
frequency of the system to the nominal value [7]. 
The process of the frequency restoration regulates the frequency to the nominal value by 
activating FRR and replaces the activated FCR if the frequency deviation lasts longer than 30 
seconds. The disturbed load-frequency control area triggers the frequency restoration process, 
which is not the case for the frequency containment process. 
There are two types of FRR:  
• aFRR (reserve with automatic activation) and 
• mFRR (reserve with manual activation) 
aFRR is represented with continuous automatic activation and is deeply integrated with 
the TSO systems. On the other hand, mFRR is activated manually by TSOs, in discrete and 
“close to” continuous manner. 
The frequency restoration process activates manual or automated FRR within a specified 
time to restore frequency and therefore regulates the frequency restoration control error toward 
zero. As follows, the frequency is regulated to its setpoint value and the power band activated 
within FCR is released.  
The TSO must have a frequency restoration process, however, it is up to the TSO to 
determine whether to have only manual FRR, only automatic FRR, or a combination of both. 
The operator can manually determine the setpoint value for FRR activation, which 
represents feed-forward control. It can be also determined in an automated way, namely feed-
back control. This type of control requires a frequency restoration controller with proportional-
integral behaviour implemented in the control system of the TSO, [14]. 
FRR usually has operating time between 30 seconds up to 15 minutes, which depends on 
the specific requirements of each synchronous area. 
3.1.3.Replacement Reserve (RR) 
The replacement reserve or RR is the active power reserve that shall support or restore 
the required level of FRR, in the case of additional system imbalances [7]. The RR process are 
illustrated in Figure 7. 
 15 
 
 
Activation time of RR is between 15 minutes up to hours. RR is used as reserve from 
reserve providers used by TSOs to restore the necessary level of FCR and FRR due to their 
earlier usage. RR is not maintained by all TSOs in the EU, contrary to FCR and FRR. Setpoints 
for FRR and RR activation are calculated by the TSOs that are operating the LFC area. The 
reserve replacement process is not mandatory for the TSOs to have. 
3.2. Non-frequency ancillary services 
Non-frequency ancillary services are services that don’t involve frequency control. 
Voltage support, black start, inertia for local grid stability, fast reactive current injections, short-
circuit current, and island operation capability are considered to be part of non-frequency 
ancillary services [7]. 
Non-frequency ancillary services are divided into (Table 3): 
• Reactive support and voltage support 
Figure 7: Replacement Reserve process 
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• Black start capability 
• Ramping products. 
 
Table 3: List of non-frequency ancillary services 
Ancillary 
service 
Description Typical 
response 
time 
Voltage 
support 
To maintain system voltage within the recommended range 
the reactive power is being injected. 
Seconds 
Black 
start 
A capability to restore a grid after a total blackout. Minutes 
Ramping 
products 
Resources for fast ramps that can respond to large net 
load variations in a short time. This product correctly 
restores the generator's ability to increase rapidly 
and encourages flexibility. 
Minutes 
 
3.2.1.Reactive support and voltage control 
Reactive support and voltage control represent two aspects of the same activity which is 
a representation of supporting reliability and facilitates commercial transactions over 
transmission networks. Reactive support and voltage control (hereinafter referred to as voltage 
control) are performed by regulating the reactive power on an alternating current (AC) power 
system. Reactive power can be produced and absorbed by transmission and generation 
equipment. Reactive power devices differ significantly in size and response rate and capital 
costs [15]. 
TSOs, transmission owners, energy marketers, customers, generators, and government 
regulators must closely monitor voltage control as they restructure the power industry. Voltage 
regulation can affect reliability and trade in a few ways: 
• Voltage must be maintained within an acceptable range of nominal value for the 
equipment of the user and the power system to function properly. 
• The reactive power flow consumes transmission resources, which reduces the real 
power’s ability to flow and deteriorates congestions. 
• The reactive power flow results in losses of real power. 
It is necessary to control voltage and reactive power for various causes. The main reasons 
are poor performance of some of the equipment when the voltage drops, such as overheating of 
induction motors, less illumination from the light bulbs, and some equipment will not work at 
all. Overvoltage may cause a shortened lifetime and damages to the equipment [15]. 
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The second reason is related to the interconnection of real power and reactive power. 
Since the reactive power consumes generation and transmission resources, its flows must be 
reduced for the amount of real power that is transferred through a congested transmission 
interface to be maximized. The real power capability of the generator can be limited with the 
production of reactive power. 
The third reason is related to real power losses, that occur due to reactive power flow 
through the transmission system. To replace these losses, both energy and capacity must be 
supplied.  
There are additional challenges, making voltage control more difficult. On very low 
loading the high voltage transmission lines are generating reactive power which must be 
absorbed, while at high loading the lines consume large amounts of reactive power that needs 
to be replaced. Generation and transmission configuration are, as well, of importance for the 
system’s reactive power requirements. Therefore, due to changes in consumption and 
generation patterns and in consumption levels, system reactive requirements vary in time. 
Since the bulk power system consists of many pieces of equipment, which can fail at any 
moment, the system is designed to operate even when a single outage or contingency happens. 
This is the reason for a dynamic reactive power requirement. To maintain requested voltages in 
the system, there should be enough reactive power reserve to respond to the contingencies [15]. 
3.2.2.Black start capability 
Black start capability is the capability of a part of an electric grid or a power generation 
module to recover without any external power source, after a total shutdown. This process is 
done through an auxiliary power source [16].  
After a power failure, the power needs to be restored as soon as possible. This is usually 
the responsibility of the TSO. Power plants that can be run without external power play a central 
role in restoring supply. 
Many large power plants are thermal power plants. They can produce large amounts of 
electricity, but they need an external energy source to start electricity production. Without this, 
neither nuclear nor coal-fired power plants should be put into operation, as there are no energy 
sources for the operation of cooling and monitoring systems of reactors and coal extraction 
plants. Nuclear power plants need a few days to restart after a blackout, using many tests and 
inspections.  
Unlike these types of power plants, there are also power plants that can carry through a 
black start. They can be started independently and without an external power supply. Types of 
power plants suitable for a black start are, for example, hydropower plants, compressed air 
storage power plants, or gas power plants. Electricity storage plants are also increasingly used 
extensively to ensure the possibility of a black start. 
Black start capability test shall be done by black start delivering services (HVDC systems 
or power generating modules) every three years [17]. 
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4. Ongoing projects about the Electricity Balancing in the EU and 
Slovenia 
4.1. ENTSO-E Projects 
EBGL aims at equalizing generation and demand by sharing resources used by the 
neighbouring TSOs. Ideas and goals set in EBGL have influenced the creation of several 
projects for the TSOs in the EU. Table 4 presents an overview of the existing ENTSO-E 
projects. Further details are explained in the following subchapters.  
 
Table 4: Overview of ENTSO-E projects 
ENTSO-E project Main goal Number of 
participating members 
IGCC - International Grid Control 
Cooperation 
EU IN platform 24 
PICASSO - Platform for the 
International Coordination of 
Automated Frequency Restoration 
and Stable System Operation 
EU aFRR platform 22 
MARI - Manually Activated 
Reserves Initiative 
EU mFRR platform 32 
TERRE - Trans-European 
Restoration Reserves Exchange 
EU RR platform 14 
FCR - Frequency Containment 
Reserves 
Integration of balancing 
markets in the EU - 
FCR Cooperation 
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The target of these projects is finding the most effective solution to the existing problems 
regarding balancing energy. Therefore, the optimal number of platforms, entities for the 
operation of the functions of the platforms, and the cooperation between them are regularly 
processed.  
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Required EBGL timeline (Figure 8) for the European platform implementation is 
challenging, nevertheless, TSOs have confirmed their motive to meet these deadlines [12]. 
4.1.1.Frequency Containment Reserves (FCR) 
Market for FCR procurement and exchange (FCR Cooperation) aims to integrate 
balancing markets to encourage adequate competition, transparency, new participants, non-
discrimination and increase liquidity. These goals must be met following the EBGL.  
Currently, FCR Cooperation works by offering weekly auctions of a symmetric product 
(upward and downward FCR are procured together) on Tuesdays, for the following delivery 
week. This is done using TSO-TSO model, considering that FCR is procured through CMOL 
where all TSOs pool the received offers. 
Delivery responsibility, relation between TSOs and BSPs and relations with BSPs are 
administered nationally. The development and design of the market depend on mutual support between 
TSOs, NRAs and other participants involved in the project. This development has a goal of promoting 
social-economic welfare, improving signals of investments and aiding entry of smaller market players. 
Current participants of the FCR are counting 7 TSO members, listed in the Table 5 and 
illustrated in Figure 9. 
 
Table 5: FCR Members and observers 
FCR Members 
Austria TSO APG 
Belgium TSO Elia 
Switzerland TSO Swissgrid 
Figure 8: EBGL timeline for the European platform implementation [12] 
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Germany TSOs 50Hertz, Amprion, TenneT DE, 
TransnetBW 
Western Denmark TSO Energinet 
France TSO RTE 
Netherlands TSO TenneT NL 
 
4.1.2.Automatic Frequency Restoration Reserve (aFRR) – PICASSO 
Platform for the International Coordination of Automated Frequency Restoration and 
Stable System Operation (PICASSO) is an ENTSO-E project aiming to create a platform 
through which the participating EU countries would exchange balancing energy from frequency 
restoration reserve with automatic activation.  
PICASSO aFRR platform is based on TSO-TSO settlement procedure with CMOL to 
exchange balancing bids from standard products for aFRR and function for optimizing 
activation of the balancing energy. 
Currently, there are 19 TSO members of the PICASSO project, 3 TSOs that are observer 
members, and ENTSO-E acting as an observer member. Their list is seen in Table 6 and the 
map is shown in Figure 10. 
 
Figure 9: FCR Members map 
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Table 6: PICASSO Members and observers (TSOs) 
PICASSO Members  PICASSO Observers 
Austria  APG Bulgaria  ESO 
Belgium  Elia Greece  IPTO/ADMIE 
Czech Republic  ČEPS Switzerland  Swissgrid 
Croatia  HOPS ENTSO-E  
Netherlands  Tennet   
Denmark  Energinet   
Finland  Fingrid   
France  RTE   
Germany 
50Hertz, Amprion, 
Tennet, 
TransnetBW 
  
Hungary MAVIR   
Italy Terna   
Poland PSE   
Portugal REN   
Romania Transelectrica   
Norway Statnett   
Slovakia SEPS   
Slovenia ELES   
Spain 
Red Eléctrica de 
España 
  
Sweden Svenska Kraftnät   
 
 22 
 
All TSOs obliged to establish the aFRR-Platform, according to the EBGL, are 
participating in the PICASSO project. 
Main goals of the PICASSO project are: 
- Creation and implementation of aFRR platform following the EBGL, SOGL, 
CACM, and other regulations, 
- Improving technical and economic efficiency considering the limitations of 
system security, 
- Integration of EU aFRR markets, while concerning TSO-TSO model [18]. 
4.1.3.Manual Frequency Restoration Reserves (mFRR) – MARI 
Manually Activated Reserves Initiative (MARI) is the ENTSO-E implementation project 
aiming to creat harmonized EU mFRR platform. As well as the other ENTSO-E projects, it 
follows the aim of the EBGL. Timeline and tasks for exchange of balancing energy through 
mFRR platform are specified by the EBGL. 
Since the issue concerning the exchange of the balancing energy from mFRR is extremely 
important, as well as an efficient balancing mechanism for the harmonised electricity market, 
large number of EU TSOs has originally decided to work and develop mFRR platform. This 
has been done to address existing issues and questions related to the establishment of the mFRR 
platform.  
MARI is the largest implementation project by ENTSO-E, concerning the number of 
participating TSOs. Initially, in the 2017, 19 EU TSOs have decided to launch the project. 
Figure 10: PICASSO Members map [18] 
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However, in the 2018, 9 new participating members have joined, together with ENTSO-E acting 
as an observer and 4 new observer TSOs [19]. The members are listed in Table 7 and shown on 
the map in Figure 11. 
 
Table 7: MARI Members and observers (TSOs) 
MARI Members MARI Members MARI Observers 
Austria APG Lithuania Litgrid Bulgaria ESO 
Belgium Elia Norway Statnett Ireland EirGrid 
Croatia HOPS Netherlands TenneT NL Northern 
Ireland 
SONI 
Czech 
Republic 
ČEPS Portugal REN Serbia EMS 
Denmark Energinet Poland PSE ENTSO-E  
Estonia Elering Romania Transelectrica   
Finland Fingrid Slovenia ELES   
France RTE Slovakia SEPS   
Hungary MAVIR Spain Red Eléctrica 
de España 
  
Germany 50Hertz, 
Amprion, 
Tennet, 
TransnetBW 
Sweden Svenska 
kraftnät 
  
Greece IPTO/ADMIE Switzerland Swissgrid   
Italy Terna United 
Kingdom 
NGET   
Latvia AST     
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4.1.4.Replacement Reserve (RR) - TERRE 
Trans European Replacement Reserves Exchange (TERRE) is an EU implementation 
project aiming to design platform for exchanging replacement reserve. Hence, the goal includes 
establishing the EU RR balancing energy market to create optimal harmonized conditions for 
the market participants. 
TERRE project has been approved by ENTSO-E in the year 2016. Currently, the project 
is in the implementation phase between participating TSOs. Steps that have been taken are the 
implementation of the common EU RR platform, which is an upgrade of development of 
individual participating TSOs’ platforms, simultaneous testing and finally platform coming 
alive. 
The IT platform and algorithmic optimization have been developed by the TSOs. This IT 
platform will be owned by the TSOs and it will support the EU RR market. However, it will be 
possible to use it in other balancing operations as well.  
At the moment, 8 TSOs are member participants of TERRE, 6 observer participants, and 
ENTSO-E acting as an observer (Table 8) [20]. 
 
 
Figure 11: MARI Members map [19] 
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Table 8: TERRE Members and observers (TSOs) 
TERRE Members TERRE Observers 
Czech Republic ČEPS Greece IPTO/ADMIE 
France RTE Bulgaria ESO 
Great Britain NGET Hungary MAVIR 
Italy Terna Norway Statnett 
Poland PSE Romania Transelectrica 
Portugal REN Sweden Svenska kraftnät 
Spain 
Red Eléctrica de 
España 
ENTSO-E  
Switzerland Swissgrid   
 
 
4.1.5.Imbalance Netting (IN) - IGCC 
The International Grid Control Cooperation (IGCC) is the ENTSO-E implementation 
project aiming at creating a platform for the imbalance netting process, following the EBGL. 
IGCC is counting 27 TSOs in 24 different countries of EU. Among these, IGCC counts 
20 members and 4 observer participants. 
Another division between IGCC members is operational or non-operational membership. 
Operational members are physically connected to the IGCC through communication lines on 
the platform through which the imbalance netting is performed. Non-operational members are 
taking part in the decision-making process of IGCC but are not yet performing the imbalance 
netting process. IGCC is counting seventeen operational and six non-operational members 
(Table 9).  
 
Table 9: IGCC Members and observers (TSOs) 
IGCC Operational 
members 
IGCC Non-operational 
members 
IGCC Observer 
Austria APG Greece ADMIE 
Bosnia and 
Herzegovina 
NOSBIH 
Belgium Elia Serbia EMS Bulgaria ESO 
Czech 
Republic 
CEPS Ukraine UA Luxemburg Creos 
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Croatia HOPS Portugal REN Montenegro CGES 
Denmark Energinet Romania Transelectrica 
North 
Macedonia 
MEPSO 
France RTE Spain 
Red Eléctrica 
de España 
  
Germany 
50Hz, 
Amprion, 
TenneT DE, 
TransnetBW  
    
Hungary MAVIR     
Italy Terna     
Netherlands TenneT NL     
Poland PSE     
Slovenia ELES     
Slovakia SEPS     
Switzerland Swissgrid     
 
All operational members of the IGCC have a responsibility to maintain balance between 
generation and consumption in relevant LFC areas. IGCC executes imbalance netting, which is 
a process where simultaneous activation of aFRR in the opposite directions between two or 
more LFC areas is avoided. It is also taken into account that there are frequency restoration 
errors and already activated aFRR. 
Imbalance netting in IGCC is performed through a power-frequency communication. 
Every signal sent from an individual TSO aids in balancing various power imbalances. The 
optimisation system receives an aFRR demand signal of relevant LFC area and forwards 
correction signal to all other operational members’ LFCs, more specifically to their secondary 
controllers or aFRR optimisation systems. Through these steps, simultaneous activation of 
aFRR balancing energy is avoided, [21]. 
4.2. Horizon 2020 projects 
Horizon 2020 is so far the largest EU Research and Innovation programme. It is supported 
by the Members of the European Parliament, EU leaders, as well as by private investors. This 
programme is of great importance since the aims and main priorities are creating a significant 
influence on the future of the EU, while offering a great number of job opportunities. Horizon 
2020 is combining knowledge, research and innovation, overcoming previous set boundaries in 
these areas. It is significant that this programme merges industrial leadership with excellent 
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sciences and societal challenges. The programme also couples private and public sector, to 
achieve the set goals. 
Horizon 2020 programme has been divided into biannual work programmes, to offer 
applicants better preparation. Previous programmes were Work Programme 2014 – 2015, later 
Work Programme 2016 – 2017 and currently Work Programme 2018 – 2020. The programme 
takes challenge-based approach, so that the applicants have a freedom of creating innovative 
solutions. The projects included in Horizon 2020 programme are grouped into: 
- Societal challenges, 
- Industrial leadership, 
- Excellent science. 
Relevant projects concerning energy fall under societal challenges and are grouped into 
subprogramme named Secure, Clean and Efficient Energy. Each group of projects has their 
specific goals and priorities. These priorities may be divided into focus areas, which are: 
- Energy efficiency, 
- Low carbon technologies, 
- Smart cities and communities [22]. 
Projects under Secure, Clean and Efficient Energy may be seen in Table 10, as well as an 
overview of their goals. 
 
Table 10: Horizon 2020 projects 
Horizon 2020 
project 
Start date End date Main goal No. of 
project 
partners’ 
countries 
CROSSBOW 1 
November 
2017 
31 
October 
2021 
Demonstration of technologies, 
which offer the regional 
transmission network higher 
flexibility and robustness 
13 
SmartNet 1 January 
2016 
30 June 
2019 
Improved TSO-DSO 
coordination, revised real-time 
markets and improvement of 
ancillary services 
9 
OSMOSE 1 January 
2018 
31 
December 
2021 
Development of flexibilities of 
TSO-DSO interconnections for 
high integration of RES 
9 
 28 
 
INTERRFACE 1 January 
2019 
31 
December 
2022 
Coordination between TSOs 
and DSOs; facilitation of 
distributed RES integration 
14 
FutureFlow 1 January 
2016 
31 
December 
2019 
Regional platform for 
ancillary/balancing and 
redispatching services, easing 
the process for progressive 
consumers 
8 
 
Electricity transmission network technologies, the economy, and existing storage systems 
are being challenged by the integration of different RES technologies. New perspectives are 
being opened in terms of resources (e.g. storage, trade, generation, and management of 
electricity from various RES sources) and sharing due to the aim of reaching 10% of the 
interconnection of the production capacity that calls for new approaches to the transmission 
network and its management. 
Each project includes an analysis of the rules, codes, and standards that apply to their 
case, as well as an analysis of business models and pan-European integration of the EU market, 
where appropriate. Special attention is paid to proposals addressing problems of a transnational 
nature. The projects also describe if and how they contribute to the provision of the EU 
electricity grid, stating if they: 
- can include a large share of RES (at least 50% by 2030), especially from different 
sources 
- can operate stably and safely 
- can operate in a well-functioning wholesale market by providing competitive 
electricity prices to EU consumers and cost-effectively integrating renewables 
- are evolving into a trans-European network with an increased level of resource 
sharing security [23]. 
4.2.1.CROSSBOW 
CROSSBOW (CROSS BOrder management of variable renewable energies and storage 
units enabling a transnational Wholesale market) is a Horizon 2020 project led by ETRA 
GROUP and driven by 8 TSOs in the Eastern Europe. The main goal of the project is the 
increased sharing of resources across borders obtained from various RES and storage units, 
while promoting their economic benefits. The project aims to develop technologies that will 
ease the process of power exchange and the control of it, manage new storage solutions, develop 
transnational wholesale market based on RES, while improving demand and response strategy, 
network observability and flexibility of power generation. 
Through the aims set by the project, many benefits are expected. The main results will be 
a decrease of operational costs and greenhouse emissions and increase of shared RES in the 
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power systems. It will also affect societal challenges, as thousands of job openings could be 
created [24]. The project will divide their working plan in 9 different tools to ease the 
implementation of RES, reduce distribution and transmission network operating costs, and aid 
the regional coordination centre [24] [25]. 
Beside the participating TSOs, there are many partner countries of the project, which may 
be seen in Figure 12. 
4.2.2.SmartNet 
The SmartNet project scrutinizes the issues that are arising from large number of RES 
being introduced to the power scheme and their influence on the TSO-DSO relation. The 
increased number of clean energies in the power system are a long-term goal, however their 
integration in the existing state of transmission network brings certain challenges, which this 
project aims to help solving.  
The main aims of the project are development of technologies and methods that will 
compare various real-time market architectures to analyze the best economic solutions, 
facilitate the coordination between TSOs and DSOs at national and local level, and improve 
communication of information to monitor and obtain ancillary services that may be provided 
by resources at the distribution level. These ancillary services include voltage balancing control, 
congestion management, reserve and balancing [26] [27]. 
Three countries are taken as reference cases, where the pilot locations are situated, namely 
Italy, Denmark, and Spain. Each pilot location is testing different technologies that are being 
Figure 12: CROSSBOW project partners' countries [39] 
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developed through the course of the SmartNet project. However, partners from other countries 
of EU are participating and contributing to the development of the project.  
The project partners’ countries may be seen in the Figure 13. 
4.2.3.OSMOSE 
OSMOSE (Optimal System-Mix Of flexibility Solutions for European electricity) is 
project which the main aim is the development of flexibility for high integration of RES due to 
the energy transition. The project addresses this problem by observing the increased need of 
flexibilities in the system and possible sources of them. The approach that the project has taken 
is global, as in this way the solution affects all system requirements. This holistic approach 
makes possible for each player to contribute to the overall efficiency of the network, by offering 
individual solutions and merging them with the network. Consequentially there is a higher 
possibility of congestion management improvement, as well as lower costs for the society. 
Flexibilities that are being considered are improvement of supply and demand balance in 
the electricity markets, providing existing and future system services and enabling of dynamic 
control of electricity flows. Performed studies are simulation-based, aiming to analyze and 
forecast the best solutions for flexibilities to optimize the balance of costs and benefits 
considering long term scenarios for years 2030 and 2050. The studies also aim at developing 
ideas for improvements of existing regulatory frameworks and market mechanisms. Therefore, 
the studies are facilitating the sustainable and reliable development of flexibility assets by 
market players in coordination with regulated players [28] [29].  
Figure 13: SmartNet project partners' countries [39] 
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The project includes 6 TSOs, together with many industry and market players, which 
come from 9 countries in Europe. The project partners’ countries are shown in Figure 14. 
4.2.4.INTERRFACE 
The INTERRFACE (TSO-DSO-Consumer INTERFACE aRchitecture to provide 
innovative grid services for an efficient power system) project’s aim is the safe, improved, and 
optimized integration of RES in the existing power networks. For the future to be clean, for less 
greenhouse emissions and for the climate change preparation, it is of great importance to put a 
focus on seamless integration and efficient use of RES in the electricity grid. The project will 
develop an interface between TSOs, DSOs and the customers to potentiate this goal. Both grid 
operators and customers will benefit from the concepts that this project will develop, including 
digital solutions based on blockchains and big data management and proposed common 
architecture, which will allow wider use of RES. Economical and secure supply of electricity 
will be ensured, together with demand flexibility provision, self-generation support and an 
empowerment of end-user to develop into active market participants [30]. 
Figure 14: OSMOSE project partners' countries [39] 
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There are 14 countries that are partners to this project and may be seen in Figure 15. 
4.2.5. FutureFlow 
FutureFlow (Designing eTrading Solutions for Electricity Balancing and Redispatching 
in Europe) has an aim at creating synergetic benefits for TSOs, aggregators, commercial and 
industrial consumers, prosumers and distributed generators. It aims at connecting control areas 
of four TSOs in the EU (Austrian, Slovenian, Hungarian and Romanian) which are confronting 
challenges in ensuring transmission system security. These challenges are linked to a large 
integration of RES which are affecting capabilities of conventional means to ensure balancing 
energy and the relief of congestion through redispatching. It is proposed to R&I activities the 
confirmation of possibility for consumers and distributed generators to provide balancing and 
redispatching services in an engaging business environment. 
Benefits given to TSOs are concerning wider competition in reserve markets, efficient 
congestion management and possible decrease in the total volume of reserve that is contracted. 
Aggregators might benefit through the potential of attractiveness and profitability growth, while 
C&I consumer, prosumers and distributed generators could have an increased revenue from 
their assets. 
The goal sums up to the development of technological and economical solution for open 
access of distributed generators and advanced consumer to a regional platform that will offer 
balancing, ancillary and redispatching services. The project is addressing the operation of 
secondary frequency control from generation to consumption, while enabling these activities to 
Figure 15: INTERRFACE project partners' countries [39] 
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expand internationally. The consumers will be able to manage their consumption (increase or 
decrease) within seconds, which has been so far the characteristic of only traditional power 
plants (fossil fuel-based, hydro or thermal) [31] [32]. 
The countries involved in this project are seen in Figure 16. 
 
 
 
 
 
 
 
 
Figure 16: FutureFlow project partners' countries [39] 
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5. CROSSBOW project 
5.1. Introduction 
The CROSSBOW project is chosen as the main example of this work, because of the 
focus being the transnational cooperation between system operators in South-East Europe. 
Eight out of 24 partners in the project represent TSOs from the South-East European countries, 
which are Bosnia and Herzegovina, Croatia, Bulgaria, Serbia, North Macedonia, Romania, 
Montenegro, and Greece. The project is led by ETRA I+D (ETRA Investigación y Desarrollo, 
S.A.), which is a Spanish company responsible for the integration of various technical ICT 
components of CROSSBOW framework. The duration of the project is 48 months, meaning a 
period between 1.11.2017. to 31.10.2021.  
The European project CROSSBOW will make use of the CMOL and aims at creating a 
platform for the common European balancing market in line with the latest EU regulation. 
This project aims at introducing several technologies to increase flexibility and robustness 
of the regional transmission network. These goals are: 
- Enhanced control of the cross-border balancing energy at the interconnection sites 
- Novel centralized and distributed storage units 
- Enhanced network observability due to better control and communication 
- Introduction of transnational wholesale market, including support to new market 
participants. 
For these goals to be met, a set of technological solutions in the form of products will be 
developed. Through the application of these products, penetration of clean energies, reduced 
costs of operation, and improved economic benefits of storage units and RES will be enabled 
[33]. 
Project CROSSBOW has defined 9 products, which are [34]: 
- CROSSBOW Regional Operation Centre Balancing Cockpit (ROC-BC) 
o Set of tools for regional operation and management that will complement 
current regional structures. 
- CROSSBOW RES Regional Coordination Centre (RES-CC) 
o Platform to support regional TSOs on the real-time supervision and control 
of large RES production units.  
- CROSSBOW Hybrid RES Dispatchable Unit (RES-DU) 
o Advanced control system for integration of dispatchable (e.g. biogas 
turbine, biomass, hydro) and non-dispatchable (e.g. wind and PV) RES, as 
well as energy storage units. Way to increase security, stability, and 
cleanness of the electricity supply is by a combination of these two types 
of RES and energy storage units. 
- CROSSBOW Regional Storage Coordination Centre (STO-CC) 
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o Product offering storage units that are real-time monitored and controlled, 
especially when relevant to the operation of the transmission network. It 
also proposes incident management, seamless interaction with system 
operators, and optimization of installations. 
- CROSSBOW Virtual Storage Plants (VSP) 
o A platform that can combine the characteristics and limitations of 
distributed individual storage units, using the same or different storage 
technologies. The capacity is increased, while the additional costs of non-
optimal usage are put to minimum.  
- CROSSBOW Wide Area Monitoring and Awareness System (WAMAS) 
o The system will be used for communication purposes between TSOs, 
DSOs, RESs, and storage devices. Exchange of real-time data is the focus, 
regarding information on possible congestions, warnings, as well as 
current storage availability. 
- CROSSBOW Regional DSM integration platform (DSM-IP) 
o Platform for enabling TSO-DSO cooperation and communication, to 
exchange information on available energy from the controllable loads and 
the possibility of services that DSOs may offer to TSOs. 
- CROSSBOW Wholesale and Ancillary Market toolset (AM) 
o Unique market design for ancillary services and wholesale electricity 
market, in line with the latest market development and grid code to build 
up the integration of RES and DR. 
- Cooperative Ownership of Flexibility Assets Platform (CFP) 
o The innovative business model addressing the issue of existing flexibility 
assets (like DR systems and VPPs) and the possibility of cooperative 
multinational ownership of them.  
University of Ljubljana (UL) is one of the Slovenian partners in the project, being 
responsible for the SP5-Transnational wholesale energy market, hence the leader of the work 
package 10 – CROSSBOW Wholesale and Ancillary Market toolset (AM). 
Expected impacts of the project are: 
- Total costs of the system will be reduced through enhanced coordination proposed 
by the project through most of its products, 
- Introduction of short-term electricity markets, thereby rewarding market 
flexibility for generation, demand, or storage, 
- The project will support the EU leadership by promoting the sharing of RES 
resources, 
- Job creations at direct and indirect level, while simultaneously attracting 
investors. 
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5.2. CROSSBOW Wholesale and Ancillary market toolset (AM) 
CROSSBOW will propose unified balancing services, sizing, procurement, and 
settlement of balancing reserve and standard products. Additionally, cross-border balancing 
principles for the joint use of the balancing reserve, and the exchange of balancing energies and 
imbalances will be presented. A new orchestrated multi-nodal marketing platform will be 
adapted and installed, enabling market players to integrate and interoperate distributed concepts 
with a minimum set of harmonized technical and data requirements for market participation. 
The target of this work package is the development of three solutions, which are [35]: 
- Intraday Energy Market platform (ID platform), 
- System Market platform for mFRR (mFRR platform), 
- Measurement of energy within aFRR. 
First two products will be led by the University of Ljubljana (UL) and the third product 
will be led by the Romanian Energy Center (CRE).  
The Intraday Energy Market platform (ID platform) is a wholesale electricity market, 
where trading based on closed contracts is possible, meaning the details of the trade are known 
in advance (quantity, price). Deviations that occur as a difference from the amount in the closed 
contract are subjected to imbalance settlement. This platform will enable collecting orders (bids 
and asks) and intraday CZC. Orders between market participants (MPs) in the countries 
included in the ID platform will be more transparent, as it will be possible to see orders from 
another country. The available CZC is the only limitation for cross-border trading. 
The ID platform will host a continuous trading matching algorithm. To match orders on 
the platform, the pay-as-bid algorithm will be used, based on the EUR currency. All the market 
participants from the day-ahead market will be able to participate on the platform, by trading 
predefined products and sending orders with specified parameters. The market is planned to 
open at the same time every day (15:00 CET), but it will close for each product separately, 
which means 30 minutes before the start of the product delivery.  
Orders can be matched from different market areas, depending on the availability of the 
CZC and are done on a first-come-first-served basis. Matching of the highest buy price and 
lowest sell price is made, removing them from the order book (OB – central screen showing all 
buy and sell orders) and the relevant CZC is updated [35]. The general process of the ID 
platform may be observed in Figure 17. 
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The System market platform for mFRR (mFRR platform) will make use of the TSO-TSO 
model by collecting offers from BSPs, which will then be forwarded to the platform by the 
TSOs. It will represent the ancillary services market that is intended for TSOs to obtain 
balancing energy. This platform should strengthen non-discrimination between MPs. Besides 
that, the goal is to define services in a neutral and transparent technological manner and consider 
the increasing number of RES entering the generation field. 
Measurement of energies within aFRR is represented with its main principles, which are: 
- UPAFR – Balancing Energy for upward aFRR, 
- DWAFR – Balancing Energy for downward aFRR. 
One-minute load profiles are used as a measurement value of energy, obtained through 
TSO’s meters. This is done to improve fairness and transparency of the measurements, which 
will consequentially increase confidence of BSPs and safety of the consumers [35]. 
5.3. mFRR platform introduction 
mFRR is a type of reserve that usually follows aFRR and its duration is usually not longer 
than 15 minutes. mFRR is activated for imbalances that are lasting longer than those controlled 
by aFRR, as well as FCR. This type of reserve is activated manually, after a failure of the 
production unit or due to the deviation in forecasted consumption/production to free up aFRR 
and is operating in a discrete, continuous way. Imbalances are necessary to be solved, as well 
as congestion problems. A dispatcher is a person in charge of manually or semi-automatically 
issuing activation requests for mFRR, called dispatch orders, [5]. 
mFRR platform will be a market for ancillary services, where BSPs’ offers will be 
forwarded by the TSOs, after they receive them. It is important that the platform encourages 
non-discrimination between MPs, considering technical limitations and needs of generations 
Figure 17: General process of the ID platform 
 38 
 
sources, demand response solutions, and energy storage, while considering increasing amount 
of RES that are joining the network and the market field. The platform will be demonstrated as 
a software program. 
EU implementation project from ENTSO-E - MARI is developing European mFRR 
platform. Some TSO members of the CROSSBOW project are also participating, and those are 
Greece and Romania, which are members, and Croatia, Bulgaria, and Serbia, which are 
observers of the MARI project [35]. 
Electricity Balancing Guideline (EBGL) is stating that the mFRR platform is supposed to 
be based on the processes and principles, as follows: 
- TSOs or entities that TSOs could create themselves are operating the platform, 
- Activation Optimization Function (AOF), 
- Exchanging of balancing energy bids from standard products for mFRR is done 
through the multilateral TSO – TSO model with CMOL, 
- Balancing energy pricing being based on marginal pricing, 
- TSO – TSO settlement function. 
In the mFRR platform, the above-mentioned objectives were satisfied. 
5.4. mFRR platform operation process 
The process of the platform suggests the following steps: the BSPs send bids to the TSO 
that is in their LFC area, after which the TSOs forward bids and demands to the mFRR platform. 
Information on available CZC is also sent to the platform as soon as the intraday market closes. 
If any changes happen to the CZC after that moment, information on it should be sent to the 
platform before the GCT for that specific product. Next, CMOL is created, and to calculate the 
optimization results, AOF is used. All the satisfied demands, accepted bids, and prices are 
forwarded to the TSOs. Any remaining CZCs are then forwarded to the TSOs, after which, TSO 
sends requests for activation to BSPs. Afterward, the financial calculation of TSO-TSO 
settlement and then TSO-BSP settlements occurs. This process happens 96 times per day, once 
for each quarter-hour product [35]. 
The functioning process of the platform is illustrated in Figure 18. 
Figure 18: Process of the mFRR platform [35] 
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For a balancing energy bid that is submitted to the mFRR platform by the BSP to be valid, 
it is necessary for specific characteristics, divided into required and variable, to be provided. 
Required characteristics must be satisfied and the variable parameters must be defined. 
Required parameters of the mFRR balancing energy bid and their values are shown in Table 
11. 
 
Table 11: Parameters of the balancing energy bid [35] 
Required parameter of the bid Value 
Direction of the bid Upward/Downward 
Quantity MW (from 1 MW to 9,999 MW) 
Price of the bid 
€/MW, with price resolution of 0.01 
€/MW 
Location of demand Bidding zone/LFC Area 
Divisibility Divisible/Indivisible 
Validity period 
Start and end time of the period are 
specified 
Full Activation Time (FAT) 12.5 minutes 
Duration of the delivery period 5 minutes 
Expected deactivation period duration 10 minutes 
Full delivery period 25 minutes 
 
After the trading of the product has been done on the ID platform, the mFRR platform 
will collect CZC, which is capacity that may be used for cross-border transfer between two 
bidding zones. The ID platform and mFRR platform will be connected, hence CZC may be 
forwarded internally between two platforms. TSOs will then publish the CZC to the platform, 
defined by the following information: 
- Date of the CZC (in CET), 
- Hour of the CZC (in CET), 
- LFC area of the TSO, 
- LFC area of the delivering area (for every delivering area), 
- Total CZC available in the direction away from the delivering area (in MW), 
- Total CZC available in the direction towards the delivering area (in MW) [35]. 
After the GCT of the intraday market, the TSOs should still be able to update the 
availability of the CZC for balancing energy exchange. The remaining intraday CZC will be 
also considered in the mFRR platform. 
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On the mFRR platform there are relevant time constraints, which are divided into: 
- BSP – TSO GCT (BSPs can submit bids to their TSO 25 minutes before the start 
of the product), 
- TSO – Platform GCT (TSOs have limited time to submit certain percentage of 
BSP bids to the platform, as well as their demands), 
- CZC GCT – (10 minutes before the start of the product is CZC GCT, during which 
time it is possible to make changes to it), 
- Platform + communication GCT (time between request for the activation and full 
power is 12.5 minutes, which is called communication time). 
Considering balancing energy demands, all of them are considered divisible. If the 
demands are higher than the bids, so the bids cannot satisfy all demands, the demands of all 
TSOs are lowered on a pro-rata basis. Balancing energy demand parameters and their values 
are listed in Table 12. 
 
Table 12: Parameters of the balancing energy demand [35] 
Required parameter of the demand Value 
Direction of the demand Upward/Downward 
Quantity MW 
Elasticity Elastic/Inelastic 
TSO demand price (optional) 
If elastic, the price is in €/MW, with price 
resolution of 0.01 €/MW 
If inelastic, the price should not be given 
Location of demand Bidding zone/LFC Area 
 
The bids on the Common Merit Order List (CMOL) are sorted by the price and then by 
the timestamp. The priority dispatching will have the best bids. Standard mFRR product bids 
are submitted by the BSPs to the connecting TSO until the GCT. TSOs are not submitting all 
their bids to the platform, but retain a part of them for security reasons. Two CMOLs will be 
created – one for upward and one for downward activation, considering only bids in EUR 
currency. 
For energy balancing bids and demands to be optimized by the CMOLs, Activation 
Optimization Function (AOF) will be applied. AOF in the CROSSBOW is used to maximize 
social welfare in the SEE region. AOF will consider the following: 
- Availability of the CZC, 
- Bids submitted by the TSOs should be included on the relevant CMOL, 
- Demands submitted by the TSOs should be considered, 
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- Activation processes and technical constrains from different balancing energy 
products should be considered, 
- The possibility of netting counteracting activation requests from TSOs. 
CMOLs with upward and downward energy balancing bids use separate AOF. Every TSO 
submits activation requests for the bids and demands to the AOF. The AOF inputs are BSP 
bids, TSO demands and availability of CZC. The AOF creates a cost curve that is consisted of 
TSO demands, and CMOL for all energy balancing bids. Based on that curve and specified 
constraints the optimal social welfare is calculated. The CMOLs are merged in a way that the 
bids from BSP are coupled with energy balancing demands of the TSOs in the opposite 
direction [35]. 
Increase of the social welfare represents the decrease of the balancing energy costs in the 
SEE region. The final results of the optimization are sent to the relevant TSO and represented 
with the satisfied demands, accepted bids, cross-border volumes and cross-border marginal 
prices for the activation of the bids. 
Cross-border marginal pricing is the method used for pricing and settlement processes. 
The pricing method will: 
- Be based on marginal pricing (pay-as-cleared - makes use of the last bid that has 
been activated to satisfy the demands for all market participants). 
- Provide market participants with the correct price signals. 
Pricing algorithm is introducing congestion rent if the congestion occurs in the area. If 
there is no congestion between LFC areas, the highest activated bid price will define the TSO 
– TSO, and TSO – BSP settlement prices. The price is the same for all BSPs that have their 
balancing energy bids activated. Congestion happens when there is no available CZC between 
LFC areas or if the CZC is not sufficient to meet TSO’s demand. In this case, the congestion 
rent (price difference) between two areas will result in the amount the cheaper area is willing 
to receive and the more expensive area is willing to pay [35]. 
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6. Testing of the CROSSBOW mFRR platform  
To test the operation of the CROSSBOW mFRR platform operation and demonstrate the 
benefits that the platform could provide, an experiment was designed based on a realistic 
scenario. In this chapter, the scenario is defined, and the results of the calculations with the help 
of the mFRR platform are shown and discussed. 
6.1. Scenario definition 
The selected scenario aims to demonstrate the usage of the CROSSBOW mFRR platform. 
Since the platform is still in the development process, all data used in the scenario and results 
are fictional. Different directions of BSP bids and TSO demands have been introduced in the 
scenario, on specific borders with limited CZC.  
The scenario is demonstrated on an example of 8 countries in SEE region, which are 
Slovenia, Croatia, Bosnia and Herzegovina, Montenegro, Serbia, Romania, Bulgaria, and North 
Macedonia. What is characteristic to this group of countries is that each of them directly borders 
with Serbia, except for Slovenia, which was added to the scenario to analyse the implementation 
aspects and the possible benefits the use of this platform could bring. 
To demonstrate the scenario, we made up 15 BSP bids, with parameters being the price, 
timestamp, direction (up or down), quantity, divisibility, and location. Bids are sorted firstly 
based on the direction, price and then on timestamp, meaning if there would be two bids with 
the same price, the one that was submitted earlier would be prioritised. Sorted bids can be seen 
in Table 13. 
 
Table 13: Sorted BSP bids 
BSP Bids 
ID 
Price 
[€/MW] 
Timestamp Direction 
Quantity 
[MW] 
Divisibility Location 
BSP1 17 9:50:24 UP 10 Y MK 
BSP2 29 10:50:24 UP 10 Y RO 
BSP3 33 11:50:24 UP 20 Y RS 
BSP4 41 12:50:24 UP 10 Y RS 
BSP5 46 12:50:24 UP 10 Y RS 
BSP6 51 9:50:24 UP 20 Y MK 
BSP7 63 10:50:24 UP 20 Y SI 
BSP8 69 11:50:24 UP 10 Y CRO 
BSP9 74 12:50:24 UP 10 Y ME 
BSP10 87 13:50:24 UP 20 Y SI 
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BSP11 10 9:50:24 DOWN 30 Y BA 
BSP12 20 10:50:24 DOWN 20 Y BG 
BSP13 30 9:50:24 DOWN 10 Y ME 
BSP14 40 10:50:24 DOWN 5 Y MK 
BSP15 50 11:50:24 DOWN 15 Y RO 
BSP16 70 12:50:24 DOWN 25 Y RO 
 
Similarly like the BSP bids, TSOs’ demands are introduced with the following 
parameters: direction, needed quantity, elasticity, and location in Table 14. 
 
Table 14: TSOs demands 
 
Between two bidding zones there is an amount that can be used for cross-border transfer, which 
is CZC. To assure a safe operation of the network, this amount must be within predefined limits. 
These limits are defined in MW for each border in both directions. In the fictional scenario, it 
has been considered that all the CZCs are valued at 100 MW, however, the BA-CRO border 
has a limit of 10 MW, while the RS-CRO border has a limit of 0 MW. Any changes to the CZCs 
may be done 10 minutes before the start of the product, when CZC GCT occurs. Until that time 
CZCs should be published and, if necessary, updated on the platform. CZCs are defined with 
parameters which are date, time, in and out area, and the quantity. Limitations of CZCs are 
visible in Figure 19. 
TSOs Demand Direction Quantity [MW] Elasticity Location 
ELES UP 40 Inelastic SI 
HOPS UP 20 Inelastic CRO 
CGES UP 20 Inelastic ME 
TRANS UP 40 Inelastic RO 
MEPSO UP 50 Inelastic MK 
ESO DOWN 20 Inelastic BG 
NOSBiH DOWN 30 Inelastic BA 
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6.2. Calculations 
To examine the scenario, it is necessary to observe the relation between TSO demands 
and BSP bids. It is important to determine at what price will TSO demands be satisfied 
(accepted bids) and if there is a congestion at any border. First, sorted upward bids are shown 
in Figure 20 and sorted downward bids are shown in Figure 21. Bids are sorted by price and 
then by timestamp, as in Table 13. The height of the bars represent price in €/MW and the width 
of the bars represent quantity in MW. The best bids will be activated and dispatched first.  
Figure 19: CZCs’ limitations 
Figure 20: Sorted upward BSP bids 
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Next, the CMOLs should be created. CMOL is illustrated with two lines, merging sorted 
BSP bids with TSO demands. This is done by coupling upward TSO demands with downward 
BSP bids (downward CMOL) and downward TSO demands with upward BSP bids (upward 
CMOL). CMOL is shown in Figure 22. 
 
TSO demands are in both cases inelastic (Table 14), meaning the price is not defined and 
demands must be satisfied at any cost. Therefore, the lines representing upward and downward 
TSO demands are considered to have infinite price (or at least the upper software limitation), 
because the TSOs are prepared to pay as much as it takes to have their demand satisfied. The 
value illustrated on the Figure 22 is not real (it is set to 100 due to the illustrative reasons). Red 
line merges upward TSO demands and downward BSP bids, while blue line merges downward 
TSO demands with upward BSP bids. Due to the inelastic characteristics of TSO demands it is 
known that they will be satisfied, however the costs of BSP bids must be analysed. 
Figure 21: Sorted downward BSP bids 
Figure 22: Common Merit Order List 
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If there would be no CZC limitations, best upward bids would be activated, according to 
CMOL and the price would be set at the intersection of two lines (green mark). However, when 
the CZCs in the grid are checked, we can see in Figure 23, a congestion occurs. There are 
limited CZCs on RS-CRO border (0 MW) and BA-CRO border (10 MW). Therefore, it is not 
possible to activate specific bids at lower price to satisfy demands of Slovenian TSO.  
 
 
After the CMOL is created again with these identified CZC limits in place, some bids get 
eliminated. Due to this congestion, the bids from BSP6 in Macedonia (10 MW priced at 51 
€/MW) and BSP9 in Montenegro (10 MW priced at 74 €/MW) are eliminated. To solve this 
congestion, next best bid must be activated. Hence, it is necessary for Slovenia to activate its 
own bid with volume 20 MW priced at 87 €/MW. The total amount of activated bids equals to 
120 MW, which includes bids from North Macedonia, Romania, Serbia, Slovenia, and Croatia. 
The amount of bids satisfy TSO demands which are summed at 120 MW. List of activated bids 
is given in Table 15, and illustrated in Figure 24. 
 
 
 
 
Figure 23: Scenario with congestion 
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Table 15: Accepted BSP bids 
Bids 
ID 
Price 
[€/MW] 
Timestamp Direction 
Quantity 
[MW] 
Divisibility Location 
BSP1 17 9:50:24 UP 10 Y MK 
BSP2 29 10:50:24 UP 10 Y RO 
BSP3 33 11:50:24 UP 20 Y RS 
BSP4 41 12:50:24 UP 10 Y RS 
BSP5 46 12:50:24 UP 10 Y RS 
BSP6 51 9:50:24 UP 10 Y MK 
BSP7 63 10:50:24 UP 20 Y SI 
BSP8 69 11:50:24 UP 10 Y CRO 
BSP10 87 13:50:24 UP 20 Y SI 
 
 
Figure 24: Accepted bids 
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CMOL with recalculated CZCs is illustrated in Figure 25. 
The occurrence of congestion and activations of bids resulted in the creation of two 
regions. The first region (hereinafter referred to as REG1) consists of Croatia and Slovenia and 
the second region (hereinafter referred to as REG2) consisting of the rest of the countries. 
Division into regions implies the existence of two marginal prices, one that has to be paid by 
REG1 and another that must be paid by the REG2. Price that countries of REG1 must pay is 
higher, since Slovenian TSO demanded activation of more bids (BSP10), which was caused 
due to congestion. Activation of that bid was not necessary for the REG2, which is why their 
price is lower. These prices are calculated by observing Table 15 and Figure 25, and defined in 
Table 16.  
 
Table 16: Marginal prices 
Definition of price Costs 
Lower marginal price 69 
Higher marginal price 87 
 
Satisfied TSO demands and actual prices for each country are shown in Table 17. 
 
Table 17: Satisfied demands and their prices 
TSO Direction 
Quantity 
[MW] 
Location 
Actual Price 
for the region 
[€/MW] 
EMS   RS 69 
ELES UP 40 SI 87 
HOPS UP 20 CRO 87 
CGES UP 20 ME 69 
Figure 25: CMOL with recalculated CZCs 
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TRANS UP 40 RO 69 
MEPSO UP 50 MK 69 
NOSBiH DOWN 30 BA 69 
ESO DOWN 20 BG 69 
 
Recalculated CZC quantities shall be used for later activations in the mFRR platform. 
Adjusted quantities are seen in Table 18. 
 
Table 18: Recalculated CZCs 
BorderCzc Date Hour OutArea InArea Quantity [MW] 
BA-CRO 20.06.2020 14:00-14:15 BA CRO 0 
BA-ME 20.06.2020 14:00-14:15 BA ME 80 
BA-RS 20.06.2020 14:00-14:15 BA RS 100 
BG-MK 20.06.2020 14:00-14:15 BG MK 90 
BG-RO 20.06.2020 14:00-14:15 BG RO 90 
BG-RS 20.06.2020 14:00-14:15 BG RS 100 
CRO-RS 20.06.2020 14:00-14:15 CRO RS 100 
ME-RS 20.06.2020 14:00-14:15 ME RS 100 
MK-RS 20.06.2020 14:00-14:15 MK RS 120 
RO-RS 20.06.2020 14:00-14:15 RO RS 120 
CRO-BA 20.06.2020 14:00-14:15 CRO BA 110 
ME-BA 20.06.2020 14:00-14:15 ME BA 120 
RS-BA 20.06.2020 14:00-14:15 RS BA 100 
MK-BG 20.06.2020 14:00-14:15 MK BG 110 
RO-BG 20.06.2020 14:00-14:15 RO BG 110 
RS-BG 20.06.2020 14:00-14:15 RS BG 100 
RS-CRO 20.06.2020 14:00-14:15 RS CRO 0 
RS-ME 20.06.2020 14:00-14:15 RS ME 100 
RS-MK 20.06.2020 14:00-14:15 RS MK 80 
RS-RO 20.06.2020 14:00-14:15 RS RO 80 
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SI-CRO 20.06.2020 14:00-14:15 SI CRO 100 
CRO-SI 20.06.2020 14:00-14:15 CRO SI 100 
 
After activating the best BSP bids, satisfying TSOs’ demands, and recalculating CZCs, it is 
possible to calculate the costs of UPWARD and DOWNWARD demands and activations, and 
finally TSO-TSO settlement. 
Cost of local upward demand is the cost that TSO must pay to another TSO or BSP for 
the upward activation, and is calculated as in (1): 
 
𝑫𝑼𝑷,𝒊 = 𝑷𝑻𝑺𝑶𝒖𝒑,𝒊 ∙ 𝒕 ∙ 𝒙𝒊 (1) 
 
where: 
𝑫𝑼𝑷,𝒊 – the cost of TSO’s upward demand in Euro (€) for the i-th country, 
𝑷𝑻𝑺𝑶𝒖𝒑,𝒊 – demanded upward quantity in MW for the i-th country, 
t – time interval (0.25 h), 
𝒙𝒊 – actual price for the area in €/MWh for the i-th country, 
i – index of the country.  
 
Cost of local downward demand is the cost that TSO gets paid and is calculated as in (2): 
 
𝑫𝑫𝑶𝑾𝑵,𝒊 = 𝑷𝑻𝑺𝑶𝒅𝒐𝒘𝒏,𝒊 ∙ 𝒕 ∙ 𝒙𝒊 (2) 
 
where: 
𝑫𝑫𝑶𝑾𝑵,𝒊 – the cost of TSO’s downward demand in Euro (€) for the i-th country, 
𝑷𝑻𝑺𝑶𝒅𝒐𝒘𝒏,𝒊 – demanded downward quantity in MW for the i-th country, 
t – time interval (0.25 h), 
𝒙𝒊 – actual price for the area in €/MWh for the i-th country, 
i – index of the country.  
 
Cost of upward activation in the country is calculated as in (3): 
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𝑨𝑼𝑷,𝒊 = 𝑷𝑼𝑷,𝒊 ∙ 𝒕 ∙ 𝒙𝒊 (3) 
 
where: 
𝑨𝑼𝑷,𝒊 – the cost of upward activation in Euro (€) for the i-th country, 
𝑷𝑼𝑷,𝒊 – activated upward quantity in MW for the i-th country, 
t – time interval (0.25 h), 
𝒙𝒊 – actual price for the area in €/MWh for the i-th country, 
i – index of the country.  
 
Cost of downward activation in the country is calculated as in (4): 
 
𝑨𝑫𝑶𝑾𝑵,𝒊 = 𝑷𝑫𝑶𝑾𝑵,𝒊 ∙ 𝒕 ∙ 𝒙𝒊 (4) 
 
where: 
𝑨𝑫𝑶𝑾𝑵,𝒊 – the cost of downward activation in Euro (€) for the i-th country, 
𝑷𝑫𝑶𝑾𝑵,𝒊 – activated downward quantity in MW for the i-th country, 
t – time interval (0.25 h), 
𝒙𝒊 – actual price for the area in €/MWh for the i-th country, 
i – index of the country.  
 
Based on these equations it is possible to calculate TSO – TSO settlement as in (5): 
 
𝑿𝒏𝒆𝒕,𝒊 = 𝑫𝑼𝑷,𝒊 + 𝑫𝑫𝑶𝑾𝑵,𝒊 + 𝑨𝑼𝑷,𝒊 + 𝑨𝑫𝑶𝑾𝑵,𝒊 (5) 
 
where: 
𝑿𝒏𝒆𝒕,𝒊 – TSO-TSO net cost in Euro (€) for i-th country, 
i – index of the country. 
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6.3. Results 
The sum of all of the TSO-TSO net costs gives the final result, which is the congestion 
rent that is split among TSOs. It is calculated as in (6): 
𝑪 = ∑ 𝑿𝒏𝒆𝒕,𝒊
𝒏
𝒊=𝟏
 (6) 
where: 
C – congestion rent, 
𝑿𝒏𝒆𝒕,𝒊 – TSO-TSO net cost in Euro (€) for i-th country, 
n – number of countries/TSOs. 
 This amount appears due to congestion and it stays in the budget of the platform. It may 
be used for processes, such as maintenance works of the platform or other TSO related costs, 
etc. The obtained value in this scenario equals to 45 Euros.  
As a final solution, resolved congestion is seen in Figure 26.  
 
Figure 26: Resolved congestion 
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6.4. Discussion 
This scenario represents a complex example of the mFRR platform operation, where the 
highlight is congestion between LFC areas. If there would be enough CZC on the RS-CRO 
border, and later, on the BA-CRO border, congestion would not have happened, costs would 
have been lower and there would have been only one marginal price. However, that was not the 
case in this scenario, hence two marginal prices were created.  
- In the TSO-BSP settlement, TSOs from REG2 are required to pay BSPs from the 
region REG2 for the activated bids at the lower marginal price, and the TSOs from 
REG1 are required to pay its BSPs for the activation of the bids at the higher 
marginal price.  
- In the TSO-TSO settlement, the REG1 is required to pay REG2 for the activated 
unit at the higher marginal price, but the REG2 will pay its BSPs at the lower 
marginal price. The difference between the amount that the REG2 receives from 
REG1 and the amount that the REG2 needs to pay to its BSPs is called the 
congestion rent.  
The congestion rent is shared between TSOs in REG1 and REG2 since TSOs must stay 
financially neutral in the balancing process. 
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7. Conclusions 
7.1. What will the future bring? 
It is inevitable that harmonisation of market rules and price coupling in EU and SEE, with 
the aim of creating a transparent and non-discriminatory cross-border wholesale and balancing 
energy markets will take a large shift in the near future, with the support of EBGL and SOGL. 
To achieve it in a desired level, several concepts will be considered and improved, which are 
already being developed through several projects, most of which are described in this thesis. 
Market rules, such as gate opening and closure times will be harmonized to enable a level 
playing field for all market participants. Many other regional and bilateral coupling projects are 
being developed or planned, in negotiation or moving forward [36]. 
Many benefits are anticipated due to harmonisation of rules, such as standard products, 
relevant time frames (GCT), pricing and settlement. One of the highlights the future will bring 
to market participants is trading as close to the real time as possible. It will also be possible for 
them to have access to wholesale and balancing bids from BSPs from various countries which 
have similar products and required parameters in the region. Cross-border liquidity and 
competition are enhanced through the standardisation of the products that are being traded on 
wholesale and ancillary markets. With the increased level of standardisation, it is expected that 
the number of RES and flexibility assets, such as storage providers and demand response, will 
increase. Storage providers could benefit from applying arbitrage deals on the market, meaning 
selling energy when the price rises and buying when it drops. To improve response time of 
storage units and TSOs, and therefore improve competition, it would be beneficial to shorten 
required parameters (FAT and FRCE) on the mFRR platform. The same GCT for all products, 
as well as other relevant timeframes, could improve competition and harmonisation of the 
market, by increasing efficiency of the cross-border trading.  
7.2. Future work 
The aim of the thesis is to summarize all relevant projects and advancements in the field 
of balancing energy markets in Europe while emphasizing their benefits and innovative 
solutions to the current state of energy markets. 
The mFRR platform introduced in the CROSSBOW project will support the common 
balancing market. The implementation of this platform could reduce balancing costs in the 
region due to the activation of the cross-border balancing energy with the help of CMOL and 
AOF and increase social welfare in the observed area. Due to introduction of the minimum set 
of harmonized rules for a participant on the market and a better real-time allocation of the CZC 
the increased harmonisation of regulatory frameworks and legislation will be enabled. mFRR 
platform will be based on a blockchain technology, which will enable decentralisation of the 
innovative multi-nodal platform, offering transactions in a transparent and safe manner. 
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Calculations for the whole year will be done to further demonstrate improvements and benefits 
of the platform.  
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